ENERGY Lesson Design
Title of Unit
Curriculum Area
Developed By

Energy

Grade Level

AP Environmental Science

Time Frame

11th-12th

Jessica Lyons
Identify Desired Results

Goals (APES Themes)
Theme 4 Humans alter natural systems. Technology and population growth have enabled humans to increase both the rate and
scale of their impact on the environment.
Theme 5 Environmental problems have a cultural and social context. Understanding the role of societal factors is vital to the
development of solutions.
Theme 6 Human survival depends on developing practices that will achieve sustainable systems. A suitable combination of
conservation and development is required. Management of common resources is essential.
AP Exam weight of Energy Resource & Consumption is 10-15%
Understandings
Students will understand that…
Sustainable designs for communities aim for energy efficiency
and reduction of pollution and waste.

Essential Questions
Questions that provoke, address conceptual foundation
● How are human and natural systems interrelated?
● What can communities learn from natural systems to
improve our common future?
● How does one live responsibly in the local, national and
global community?
● How can we balance ecological integrity and economic
development?
● In what ways does the environment affect the health of
my family and me, and how do our actions affect the
environment?
● In what ways can my family and community minimize our
“ecological footprint” on the planet?

Knowledge
Students will know…

Skills
Students will be able to…

Renewable energy includes wind, water, solar, geothermal,
biofuel/biomass, tidal, hydrogen fuel cells.
Non-renewable energy includes coal, oil, nuclear, and natural
gas.
Advantages and disadvantages of different renewable & non
renewable types of energy
Typically electricity is created by converting kinetic energy to
electrical energy using a generator and electromagnetic
induction
Characteristics of a sustainable living (home, city, energy use,
food production)

evaluate, collect, present research
decision-making, problem-solving
creative thinking and critical thinking
communication and interpersonal skills
assertiveness and equanimity, resilience and coping with stress
experimental methods (including collecting data, graphing, lab
safety, etc.)

Assessment Evidence
Performance Task
Presentation on renewable energy
The effect of Blade Design on energy output on a wind Turbine
Debate Renewable versus Nonrenewable
Sustainable City Design

Other Evidence (quizzes, tests, observations…..)
Notes on energy renewable/nonrenewable
Perspectives of stakeholders activity

STEM Criteria
Science
Renewable energy research
Wind turbine blade design experiment

Technology
power point
internet research
citation machine (APA)

Engineering
Option 1: Wind turbine blade design experiment
Option 2: Competition: Array Configuration & Energy Output

Mathematics
Graphing
Array design 15 rotor diameters apart

Learning Plan
Project
Lab

Sustainable City Design

The effect of Blade Design on energy output on a wind turbine/ The effect of Array Design on energy output on a wind farm

Socioscientific Issues Approach: Claim, Evidence, Reasoning
provide, Debate types of energy that are best, create a green city

Identify which types of energy are best for Georgia and

Lesson Plan:
1. Students will identify types of renewable and nonrenewable energy and identify advantages and disadvantages of each
(HW)
2. Students will watch two videos on coal and oil formation and create a venn diagram and use manipulatives to list the
events of formation in sequence. (1 day)
3. Students will work in groups and present information on the how we get energy from renewable energy (wind, solar,
hydroelectric, tidal, geothermal, biomass, hydrogen fuel cell), where this type of energy is likely to be used, and advantages
& disadvantages of the source. (3 days)
4. TOTD -Students will identify which types of energy are best for Georgia and provide evidence for their reasoning. (20
minutes)
5. Students will conduct a lab using the wind turbines (either manipulating blade shape or picking a turbine array they think is
most effective at generating energy). (3 days)
6. Students will participate in a SSI debate (Great Energy Debate) and argue the perspectives of stakeholders (coal company,
oil company, renewable energy representative, etc.) (3 days)
7. Students will watch TED talk: Using Nature’s Genius in Architecture
https://www.ted.com/talks/michael_pawlyn_using_nature_s_genius_in_architecture?referrer=playlist-sustainability_by_design#t-47619

and research and report on GSU’s energy saving/sustainability initiatives like trash separation, cardboard box
recycling,natural gas powered buses, WeCar (car sharing), water bottle refilling station, white roofs, waterless urinals,
automatic lights, solar charging stations, battery recycling, solar golf cart, etc.), rain barrels, etc.
8. As a culminating activity students will design their own sustainable community. (5 days)
https://www.sustainablelearning.com/resource/my-green-city or Nature Conservancy Sustainable Cities Activity
https://www.natureworkseverywhere.org/asset/resources/Sustainable_Cities_Teacher_Guide_v1_2_8_2016.pdf

https://windexchange.energy.gov/k12
https://www.teachengineering.org/activities/view/cub_earth_lesson04_activity2
https://yourenergy.extension.colostate.edu/docs/energy/k12/wind-energy-curr.pdf
http://www.pbs.org/now/classroom/wind.html
https://www.youtube.com/watch?v=LNXTm7aHvWc wind energy video
https://www.energy.gov/eere/videos/energy-101-wind-turbines-2014-update-0 wind energy video

Assessment: Formative- Check for understanding by walking around and looking at student’s work. Listen for understanding in
student’s responses, Lab report -Option 1: Wind Turbine Blade Shape Effect on Energy Output or Option 2: Wind Array
configuration Effect on Energy Output, Great Energy Debate (SSI), Assessment of energy source best suited for energy,
Summative- Green City Design
Differentiation/Accommodations/Modifications:Allow more time if necessary for students with special circumstances.* Redirect
often *Model thought processes when solving problems *Deliver material using lecture, notes, group work, visual, auditory,
interpersonal, kinesthetic, use of technology *Frequent parent contacts*Notify special ed teachers if students grade drops below
70 *Check often to ensure understanding *Give extended time on tests *Test in small group* Promote peer tutoring* Choice
Activities are due for every unit test. Students may pick three from the ten enrichment options.
Data: Based on observations and formative assessments (worksheets, discussion, classwork, etc.) I will identify misconceptions
and reteach as necessary. Based on observations and summative assessments (tests, projects, labs, etc.) I will work with
students one on one or in a small group of struggling students to reteach and/or give additional practice. Item analysis will be used
to identify questions that were frequently missed. Lesson plans will be modified based on students’ needs. The SLDS system will
be used to check state scores and lexile scores. Lexile scores and interest inventories are used for making groups.

(1) APES Renewable Energy Assignments (NOTES)
•
•
•
•
•
•
•
•

Describe strategies to conserve energy and increase energy efficiency.
Explain differences among the various renewable energy resources.
Describe the various forms of biomass.

Explain how energy is harnessed from water.

List the different forms of solar energy and their application.

Describe how wind energy is harnessed and its contemporary uses.
Discuss the methods of harnessing the internal energy from Earth.

Explain the advantages and disadvantages of energy from hydrogen.

(2) Fossil Fuel Formation Activity 1
See video of formation of petroleum source rocks, movement of hydrocarbons, reservoir rock, and hydrocarbon traps
https://www.youtube.com/watch?v=_PDOD_FEnNk (2 minutes 15 seconds)
Do the Origin of Oil Activity - The Origin of Oil Student Worksheet, Scissors or pre
- cut strips
The correct order of statements is
GLECKHDJAIMFB

Oil floats on water, and gas is even lighter than oil, so petroleum and natural gas move upward within the reservoir rock until they are stopped by an
impermeable sedimentary layer such as shale, which forms a trap. A

The crude oil is transported to a refinery, where it is separated by distillation and other processes into fuels such as gasoline, butane, kerosene, liquid
petroleum gas, jet fuel, diesel fuel, fuel oil, and chemicals used to manufacture plastics.
B

Over time, layer upon layer of marine sediments accumulate, containing the remains of planktonic organisms. C

With even more heat and pressure, the hydrocarbons are broken down into petroleum (oil) and natural gas.

As the planktonic organisms die, their remains begin to settle to the sea floor under anoxic conditions (no O2) E

Wells are drilled into the ground in the oil field to extract the petroleum, which is called crude oil. F

D

The story of oil and gas begins with planktonic organisms living in the ocean (or in lakes).

G

With the high temperatures and pressures of greater depth of burial, the kerogen begins to change into hydrocarbons. H

More and more petroleum and natural gas accumulate and become concentrated in the trap, forming an oil field. I

The petroleum and natural gas migrate into porous and permeable sedimentary rocks such as sandstone, which serves as a petroleum reservoir rock.

J

Thick sequences of sediments are deposited, and the planktonic organisms buried in them are heated and compressed until the organic matter begins to change
into kerogen, a solid, waxy organic material.
K
Zooplankton eat phytoplankton (algae) that use the Sun’s energy to produce organic matter and energy through photosynthesis.

L

Geologists use various tools, such as seismic surveys, to study Earth to locate oil fields beneath the ground. If a location seems promising, drilling may begin.
M
Oil shale is sedimentary rock containing kerogen that has not been heated enough within Earth to change the kerogen into hydrocarbons. Oil shale can be
mined, but it must be subjected to a high temperature before petroleum-like liquids can be separated from the rock.

Tar sands (sometimes called oil sands) form when oil moving upward within a reservoir of porous, permeable sand is not stopped by an impermeable
sedimentary layer. Oil begins to escape from the sand at the surface, and is biodegraded by oil-eating bacteria, causing the oil to become highly viscous
asphalt or tar called bitumen. Tar sands can be mined and processed with hot water to separate the bitumen from the sand.

Shale gas forms in organic-rich black shales where extremely deep burial and extremely high temperatures have broken petroleum down into natural gas
(methane). Shales have low permeability, so to extract the methane gas, it is necessary to create artificial fractures. Wells are drilled to thousands of feet
deep, and then drilled horizontally along the shale bed. High- pressure fluids and sand are injected to hydraulically fracture the shale, releasing the
trapped methane gas (fracking).

Fossil Fuel Formation Activity 2
Watch video on Coal, Oil, and Natural Gas
https://www.youtube.com/watch?v=sQncFcuYWos (6 minutes 47 seconds)
Partway through, pause the video and do the activity
Compare And Contrast Oil And Coal Resources
. See handout.
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(3)

APES Project Rubric

Category
Attached Rubric
(2 points)

Exceptional
Rubric attached

Great

Resources/ Citations
(5 points)

All required info2is
All required info
presented; information is is presented; may
correct and thorough have been a little
unclear or
unprepared but
was overall
correct and
thorough
10
1+ Specific Resources
and/or Web Addresses
for information found

Product is creative,5
visually pleasing &
Appearance, Creativity, (3 organized, information is
easy to read. No typos or
points)
spelling errors
3

Presentation (4 points)

Both/All students
presented loudly,
confidently, & were
familiar with material

Poor
No rubric

2

Title/Introduction of Topic Clearly identified topic,
(1 points)
visually attractive

Event/Topic/Policy
(10 points)

Okay

Product is 3-4
organized,
information is
readable. Few
typos
Both/All students
presented loudly
& were familiar
with material

0

No title

1

Some info not presented
presentation was often
unclear due to lack of
preparation or thorough
research

0
Presentation was
lacking most required
info; info was
incorrect &/or not
thorough

6
Citations are google.com
or Wikipedia.com

0-4
No resources
cited

2
Product is messy
&/or
difficult to read

2

Grade

1Product is messy,

difficult to read, and
incomplete

1-2
0-1

Students presented but it
felt like they had never
reviewed their slides
(unfamiliar w/material)

Students did not
present

Comments:
Total: ____________________/ 30
DUE DATE: _____________________________________________________________
4
3
1-2
0
(4) Students will identify which types of energy are best for Georgia and provide evidence
for their reasoning.
TOTD
Which types of energy is best for Georgia? Provide evidence for your reasoning.

(5) Students will conduct a lab using the wind turbines (either manipulating blade shape or picking a turbine array they think is
most effective at generating energy).
https://www.teachengineering.org/activities/view/cub_energy2_lesson07_activity2
(6) Students will participate in a SSI debate (Great Energy Debate). They will argue the perspectives of stakeholders (coal & oil
company vs. renewable energy representative) (2 days)
DEBATE ROLES and RULES
Opening Statement Presenter: _______________________________________(Gathers the main arguments into an introductory
statement. Does not give specific information; just says "this is true because of A and B and C.")
1.________________________________________
Topic Presenters: (Present the main arguments for the team. Each presenter give specific details that prove A and B and C)
1.________________________________________
2.________________________________________
3.________________________________________
Rebuttal Presenters: (Answer the arguments of the other team. These presenters must take notes as the other team is presenting
their arguments and respond to every argument, using specific information to disprove them.)
1.________________________________________
2.________________________________________
Closing Statement Presenter: (Presents the closing arguments for the team. Repeats the main idea for this and this and this
reasons. )
1.________________________________________
Debate Rules
No put downs. Smile when disagreeing. Stress the positive.
Watch your tone of voice.
Keep your perspective – You’re just debating.
You must raise your hand if it's not your time to speak.
Individual or Team loses 1 point for each interruption.
Individual or Team loses 1 point for whispering while another speaker is talking.

Guidelines for TIMES
Opening statements for both sides = 3 minutes each
Arguments for both sides = 3 minutes each
Rebuttal conference = 1 minute
Rebuttals = 2 minutes each
Closing statements for both sides = 3 minutes each
APES DEBATE RUBRIC
Requirement

Research Accurate/Appropriate Facts listed 2+ sources documented

Debate Etiquette
No put downs. Stress the positive. Watch your tone of voice.
You must raise your hand if it's not your time to speak.
Individual or Team loses 1 point for each interruption.
Individual or Team loses 1 point for whispering while another speaker is talking.

Number
of Points

60

25

All work is neat, legible, and turned in on time.

10

Rubric

5

Points Earned

As a culminating activity students will design their own sustainable community. (5 days)
OPTION 1 (directions, power points, resources, handouts, etc) https://www.sustainablelearning.com/resource/my-green-city
OPTION 2 (directions, videos, resources, handouts, etc.)
https://www.natureworkseverywhere.org/resources/sustainable-cities/ video
https://www.fastcompany.com/3016816/the-10-cities-that-are-leading-the-way-in-urban-sustainability article on sustainable communities
http://story.maps.arcgis.com/apps/MapJournal/index.html?appid=d14f53dcaf7b4542a8c9110eeabccf1c welcome to the anthropocene story map
worksheet available
https://www.tolerance.org/classroom-resources/tolerance-lessons/editorial-cartoons-povertyenvironmental-justice environmental justice cartoon
assignment (optional)
https://www.tolerance.org/classroom-resources/tolerance-lessons/analyzing-environmental-justice
analyzing environmental justice issues directions
http://www.tolerance.org/sites/default/files/general/air%20pollution%20map.pdf environmental justice article -air pollution
http://www.tolerance.org/sites/default/files/general/tt_biases%20in%20exposure.pdf Bias in pollution exposure article
http://www.tolerance.org/sites/default/files/general/tt_effects_of_pollution.pdf chart about who pollution affects with explanation
https://www.npr.org/2016/02/01/465150617/flint-begins-the-long-process-of-fixing-its-water-problem Flint water article
https://www.nytimes.com/interactive/2016/01/21/us/flint-lead-water-timeline.html Flint timeline of events
https://www.nytimes.com/2016/01/22/us/a-question-of-environmental-racism-in-flint.html?_r=0 Environmental racism in Flint article
https://www.epa.gov/ejscreen/what-ejscreen environmental justice screening & mapping tool
https://thehill.com/blogs/pundits-blog/energy-environment/266850-flint-water-crisis-is-classic-case-of-environmental Flint article
https://www.natureworkseverywhere.org/resources/how-natural-areas-filter-water/ How natural areas filter water video

